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ELIMINATION OF OVERHANG IN LINER/BARRIER/SEED LAYERS 
USING POST-DEPOSITION SPUTTER ETCH 



eifi n OF THF INVENTION 

Tne invention is genera,* related to the field of fabricating |n 
„, Js vias and copper interconnects in semiconductor dev,ces and more 
contacts, vias. ana copu r.^marrier/seed deposition using 

specifically to the elimination of overhang m Imer/bamer/seed p 

sputter etch. 
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P^^pn, .mh OF THE INVENTION 
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AS the density of semiconductor devices increases, the demands on 
intercom ayers I connecting the semiconductor devices to each other also 

Elects to copper .nterconnec, ^^^^Z 
semiconductor fabrication environment are not read.ly available, 
copper etch problem, damascene processes have been developed. 

interconnect lines. A metal etch is thereby avoided. 

The most practical technique for forming copper interconnects is 
3„ electrolemica, deposKon (ECO, In this process, after the liner.arrier matenal ,s 
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step coverage. Th, d ^ ^ ^ ^ 16 ^ 

technique. As a result, an ovemang over hang causes 

occurs a, the top of a trench or via 12 as i,lustra,e< ^<<^ * ° . J, occurs 
a severe problem during the subsequent copper ECD. Specially, 
in the copper fill material. 

th- nrnblem also occurs in forming contacts. For contacts, after the 
t rial is eposited the contacts are typically filled with tungsten. An 



contact. 
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one proposed solution for overcoming the above problem uses a pre-sputter 
One proposeo ^ liner/barrier deposition. 

cause resistance variation and leakage problems. 

, his affects the reliably and increases the .nterfacal re .stance 
Lrage on the sidewalls and bottom of the trenchMa/contact. 

A „other solution involves the use of CVO (chemical vaP^P°sifion) of a 
titanium line— and the copper seed iaye, CVO 

coverage. Unfortunateiy, CVD Ti typically "T" J^^h~ 
negatively impacts me bacKend thermal budget. Current CVD proc 
, problems with layer adhesion and rough morphology. 
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SUMMARYQFJ>^^ 

The invention is a postposition sputter etc, After « ^ Qf 
fllm , a sputt er etc, is performed to remove the . ^ 

u • ~r rnntact The PVD film may be a liner/barrier iaye 

A „ advantage of the invention is providing an improved fili process using a 
fill material. 

This and other advantages wiil he apparent to those * ordinary s« in the 
art Ji « to the specification in conation with the «. 
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orijTPn^ 11111 ^' nF THF nRAWINGS 

In the drawings: 



PIG ! is a cross-sectional view of a prior art liner/barrier/seed process that 
results in an overhang of material at the top of a trench, via, or contact; 
FIGs 2A-2E are cross-sectional drawings of a copper interconnect structure 
formed according to the first embodiment of the invention; and 
FIGs. 3A-3D are cross-sectional drawings of a contact structure formed 
according to a second embodiment of the invention. 
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^^ppp.r mp-nnN " F THF FMBODIMENTS 

Several embodiments of the invention are discussed below. The invenfion 
uses a light sputter etch with low bias to remove or reduce the overhang typically 
5 ZJL vl a PVO ,iner,barrier,seed layer. The sputter etch is ^orm* 
after the deposition of the liner/barrier/seed layer. No sput.er.no. o the d,elec,nc 
is performed. Therefore, redeposition of dielectric material is avoided. 

The first embodiment of the invention wil. now be discussed in conjunct 
10 with a dual damascene copper interconnect process, .t wil, be apparent to hose 
of ordinary ski., in the ar, that the benefits of the invention may be applied to 

her intlnnec, processes in which a PVO linear is deposit a^ 
narrow opening. The first embodiment is discussed with reference to FIGs. 2A 
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A semiconductor body 1 00 is processed through formation of trench and 
vias in a metal interconnect level, as shown in FIG. 2A. Semiconductor body 100 
tl II comprises a silicon substrate w«h transistors and other devices form d 
Ii;* ^conductor body 10. aiso includes the pre-meta, dielectric (PMD, 
and may include one or more metal interconnect layers. 

A „ |LD (interlevel dielectric) 102 is formed over semiconductor body 100. 
IMD (intranatal dielectric) 104 is formed over ILD 102. An etchs.op .layer no, 
shown) may optionally be placed between ILD 102 and IMD 104. Suit ble 
dielectrics for ILO 102 and IMD 104. such as silicon fiuonne^ed 
■n*. class (FSG) organo-silicate glass.(OSG), hydrogen silesquioxane (HSQ). 
silicate glass (Fbij), org n n 102 and IMD 104 are thick 

and combinations thereof, are known in the art. ILD 102 and IMU 
dielectric layers having a thickness in the range of 0.1 urn - 1 urn. 



30 In a copper 



dual damascene process, both the vias and trenches are 
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etched in the dielectric. Via 106 is etched in ILD 102 and trench 108 is etched in 
^104. Via 1 06 is used to connect to undenting meta, interconnect iayers. 
Trench 108 is used to form the metal interconnect lines. 

L i„er,barrier layer 1 10 is deposed using a PVD process over IMD1 04 

nlarner ayer 1 1 0 may comprise Ti or TIN. Other suitable learner 
l,ner r * _ TaN1 TiN TaNSi TiNSi, MoN and WN are known ,n the 

^ greater at the top of trench 108 and via 106. This is referred to as an 
overhang 111- 

ln a copper interconnect process, a copper seed layer 1 12 is deposed 
, over liner/barrier layer 1 10. Seed ,ayer 1 12 Is typicaliy depos^ = . FVO 
process. Accordingly, overhang 1 1 1 includes excess seed matenal as well. 

,„ the preferred embodiment, after the seed layer 1 12 is deposited a 
sputter etch is performed to remove/reduce overhang 1 1 1 . as shown ,n FIG. 2C. 

position and seed deposition steps. The sputter etch uses a iow b,a (e^ 

to -300 voits) to improve the film profiie. By using a low bias, on y * meta, 
in the field and top corners is removed. The bottom film <h,ckness does no 
'Z* significantly and therefore, the amount of materia, at the bo cm mterface 
25 is preset. The sputter etch is preferably performed ,n s,tu after he 

ILbarrier/seed deposition without breaKing vacuum to presence the film s 

integrity. 

The duration of the sputter etch is chosen such that the 
30 trench 108 or via 106 are not exposed. Sufficient liner/barrier matenal 110/112 
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remains at the corners to prevent the diffusion of copper (110) and to provide 
sufficient amount of conductivity during the ECD process (112). 

By performing a sputter etch after the liner/barrier deposKion instead of 
5 before it the oxide re-deposition from the sidewalls of the via/trenc onto the 
1m of the via/trench is eliminated. Because it is the llne—eed mafena I 
2 is sputter etched, cniy ,iner,barrier,seed (metai) materia, is redeposrted a, 
be bott m of the trench/via. Redepos.cn of the meta, does no. result ,n h, h 
Trfacia, resistance as does .deposition of oxide materia, because of matenais 
10 conductivity difference. 

After the sputter etch, copper ECD is performed as shown in FIG. 2D to 
, m coir layer 124 Because the sputter etch removes/reduces the overhang 

r :z2 , e^ ^ ^ «. ^ « - *. 

15 ops ofthe trench or via. Various copper ECD processes are ^Known ,n Mh £ In 
v„ mD le a 3-step process is used. After placing the wafer in the platmg 

Amps for approximately 60 seconds. Final plating occurs at a current of about 
Xs 2 the duration determined by the final desired thinness. A qu* 
XL dry (SRD) is performed in the plating cel, above the plajng = . 
The wafer is then transferred to the SRD cell and a post-ECD SRD 

clean the plating residue. 

Processing then continues to chemically-mechanically polish the copper 
lav er 124 and liner/barrier 110 to form ,he.cop P er interconnect, as shown ,n FIG. 
2E. Additional metal interconnect .avers may then be formed followed by 
packaging. 
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A second embodiment of the invention will now be discussed in 
conjunction ««. a process for forming a tungsten contact. Referring to F,a A, a 
semiconductor body 200 is processed through the formation of the pre-metal 
dieiectric (PMD) 210. Semiconductor body 200 has «*^°^™ 2 
202 . gate dielectric 204, gate electrode 206, formed therein. Contact holes 212 
are etched in PMD 210 to make contact to. for example, source/dra.n 202. 

Referring to FIG. 3B, a iiner/barrier 214 is deposited over PMD 210 using 
a PVD process. Liner/barrier 214 may comprise Ti. Because a PVD - 
u sed, the portion of the liner/barner material a, the top edges of contact hole 212 
is thicker and creates overhang 216. 

After deposition of liner/bamer 214, a light sputter etch is performed to 
red uce or remove overhang 216, as shown in FIG. 3C. The sputter etch uses a 
, ow bias to improve the film profile. By using a low bias, only the 
Ll in the field and top corners is removed. The bottom f,lm thickness does n* 
I h "ge significantly and therefore, the amount of materia, a, the bottom .nterface 
is preserved. The sputter etch is preferably performed in situ after the 
Harrier deposition without breaking vacuum to preserve the film's .ntegnt, 

By performing a sputter etch after the liner/barrier deposition instead of 
before it, the oxide re-deposition from the sidewal.s of the contact onto the 
bottom of the contact is eliminated. Because i, is the liner/bamer meta hat . 
sputter etched, only liner/barrier metal is .deposited at the bottom of the 
contact. Redeposition of the meta, does not result in high interfaca, resistance 
as does redeposition of oxide material. . 

After the sputter etch, a banier layer 218 such as CVD/PVD TIN is 
deposited foilowed by the f„, material 220. The fill material 220 and liner/bamer 
30 layer 214/218 are then chemically-mechanically polished to form a conducts 
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plug 222 as shown in FIG. 3a The fill material 220 typically comprises tungsten 
or alternative material such as CVD TIN. An overhang of the liner/barrier matena. 
214 can cause a seam to form in the fill material 220. Because overhang 216 
has been reduced or removed, seam formation is minimized in the fill material 

220. 

Processing then continues with the formation of metal interconnects and 
packaging. 

While this invention has been described with reference to illustrative 
embodiments, this description is not intended to be construed in a limiting sense. 
Various modifications and combinations of the illustrative embodiments, as well 
1 as other embodiments of the invention, will be apparent to persons skilled ,n the 

5 art upon reference to the description. It is therefore intended that the appended 

1 15 claims encompass any such modifications or embodiments. 
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